Abstract and Summary.-Chromosomal RNA, which is associated with chromosomal proteins in the chromosomes of higher organisms, possesses the ability to hybridize to homologous native DNA. The proportion of native DNA thus hybridized is similar to the proportion of denatured DNA which hybridizes with chromosomal RNA, and both are similar to the proportions of chromosomal RNA and DNA in native chromatin.
We have found that chromosomal RNA possesses the ability to hybridize to homologous native DNA. Chromosomal RNA is a particular class of RNA distinguished by short chain length (40-60 nucleotides in length in different organisms),1' 2 high (8-10 mole %) content of dihydroprimidine (dihydrouridylic acid in pea, cow, and chick, dihydroribothymidylic acid in rat), 3 and by its association with DNA in the chromosomes of higher organisms. In such chromosomes, chromosomal RNA is on the one hand bound to DNA in RNase-resistant form,4 and on the other is bound covalently to chromosomal protein. 3 We have previously shown that chromosomal RNA is sequence-heterogeneous and hybridizes to the extent of 3-5 per cent to homologous denatured DNA, the exact percentage depending upon the organism involved.2' 6 We show below that chromosomal RNA hybridizes to this same extent with homologous native DNA.
Materials and Methods.-Preparation of chromatin: All of the experiments reported below were done with chromosomal RNA of rat Novikoff ascites tumor. The chromatin was prepared from tumor cells by the method of Dahmus and McConnell.2 The ascites cells were removed from the rat on the fifth to sixth day after infection with the tumor and were immediately washed by pelleting for 6 min at 700 g in TNKM buffer (0.05 M tris, pH 6.7, 0.13 M NaCl, 0.025 M KCl, 0.0025 M MgCl2), followed by a single pelleting from 4X-diluted TNKM buffer. The cells were then lysed in deionized water and the nuclei pelleted at 1500 g for 15 min. The nuclear pellet was homogenized by hand in a Teflon homogenizer and in 0.01 M tris, pH 8.0. The chromatin was pelleted and washed by repelleting four times from the same buffer. The resulting crude chromatin was then purified by layering it on 1.7 M sucrose and pelleting it for 2 hr at 22,000 rpm in the Spinco SW25 rotor.
Preparation of chromosomal RNA: The sucrose density gradient-purified chromatin, dialyzed against 0.01 M Tris to free it of sucrose, was dissolved in 4 homogenized nuclei were also pooled and precipitated for similar treatment. Chromosomal RNA (cRNA) from these fractions was purified on DEAE-Sephadex as described above. Preparation of DNA: DNA was prepared from chromatin dissolved and pelleted from 4 M CsCl. The DNA pellet, redissolved in 1 N NaCl, was deproteinized by the Sevag method according to Marmur.7 The thus purified DNA was then treated with ribonuclease, 100 /Ag/ml, 1 hr at room temperature; pronased with preincubated pronase, 1 mg/ml for 1 hr at 37°C, to remove any residual ribonuclease; and again phenol-extracted and ethanol-precipitated. The resulting DNA containing less than 0.2% protein was dialyzed against 0.01 M Tris, pH 8.0, to free it of phenol and stored in liquid nitrogen until use. DNA was also prepared by the Sevag method from rat liver chromatin purified according to the method of Marushige and Bonner.8 DNA was prepared from E. coli by the method of Marmur.7 Hybridization: Hybridization of RNA to DNA was done according to the low-temperature method of Bonner, Kung, and Bekhor.9 The hybridization reaction mixture consisted of 4 M urea (unless otherwise specified), 1 X SSC (standard saline citrate, 0.15 M NaCl-0.015 M Na citrate). Incubation was for 24 hr at a temperature of 10C. Counting of hybridized labeled RNA was done with a Beckman liquid scintillation spectrometer.
Results.-Formation and isolation of the hybrid: The interaction of chromosomal RNA with DNA is exemplified by the data of Figure 1 . In these experiments, chromosomal RNA was incubated with homologous (rat) or heterologous In the above mode of preparation, pelleting serves to separate the DNA-RNA complex from the bulk of the nonhybridized RNA, and RNase treatment serves to remove from the complex any RNA not specifically associated with DNA in ribonuclease-resistant form. Both of these functions can be accomplished by chromatography on hydroxyapatite, which serves to retain double-stranded nucleic acid of high molecular weight while permitting single-stranded material to pass through. Thus chromosomal RNA applied to a hydroxyapatite column according to the procedures of Britten et al."1 is completely eluted by 0.12 Al potassium phosphate buffer; that is, it is not retained by the hydroxyapatite. Native DNA, on the contrary, is eluted only by 0.4 M phosphate buffer. Alternatively, selective elution from hydroxyapatite may be achieved at constant buffer concentration (0.12 M) by use of an increasing temperature gradient.
RNA elutes at 25 40'C, native DNA only at its melting temperature, 800C, under the present conditions. For this type of experiment the RNA-DNA complex, after incubation under hybridizing conditions and pelleting of the DNA-RNA complex, was applied to a jacketed column of hydroxyapatite and developed with 0.12 M phosphate buffer. The temperature of the column was then gradually raised. The data of Figure 3 show that under these conditions free RNA not associated with DNA is eluted at a temperature of 40'C or lower.
A further portion of the RNA, however, is retained by the hydroxyapatite and is liberated only at the temperature at which the DNA itself is melted, approximately 80'C. A further portion of the bound RNA is eluted only at a still higher temperature. Under these conditions again approximately 4 per cent as much RNA as DNA is associated in the complex that is retained by hydroxyapatite. As may be seen in Figure 3b , no RNA is retained in this way by heterologous E. coli DNA, even though the chromosomal RNA and heterologous DNA hRve been subjected to hybridizing conditions for 24 hours. Ability to bind to native DNA is not a general property of RNA molecules. Messenger RNA, for example, does not bind to DNA under conditions suitable for the formation of the chromosomal RNA-DNA complex. To study this matter, RNA was transcribed from rat ascites tumor chromatin with E. coli RNA polymerase. Such RNA was then subjected to exclusion chromatography on Biogel P-30 and the retained fractions of mean sedimentation coefficient 3.5S pooled and used. RNA thus transcribed hybridizes at saturation with approximately 6 per cent of denatured ascites tumor DNA.12 When it is incubated under hybridizing conditions with native rat DNA and then subjected to chromatography on hydroxyapatite, all of the RNA elutes as free RNA, and none is retained with the DNA, as is shown in Figure 5 . DNA hybrid as compared to chromosomal RNA and rat native DNA from hy-RNA-DNA hybrid from hydroxyapatite droxyapatite column with stepwise column. Procedure as described in legend to increase in ionic strength and at a Fig. 3 Properties of the hybrid: Chromosomal RNA when hybridized to homologous native DNA remains associated with the DNA, both upon sucrose density gradient centrifugation and on banding in CsCl. For these experiments, the ribonuclease-resistant hybrid was separated by centrifugation as described above. Aliquots of the complex were then subjected to further centrifugation. The data of Figure 6 show that the chromosomal RNA sediments with DNA in a sucrose gradient and bands with it in CsCl (Fig. 7) . Control RNase, and the RNase-resistant RNA precipitated with TCA and counted. The melting profiles of the two types of hybrids, shown in Figure 8 , are different from each other. The Tm of the hybrid of chromosomal RNA with denatured DNA is, in fact, lower than that for the hybrid with native DNA.
Discussion.-Chromosomal RNA, unlike messenger RNA, possesses the ability to interact and bind to native DNA. The evidence available suggests that this interaction is in part at least by base pairing. Thus the interaction is specific for homologous DNA, implying sequence specificity. The complex is
